Abstract Viral encephalopathy and retinopathy otherwise known as viral nervous necrosis (VNN) is a neuropathological condition affecting more than 50 fish species worldwide, mostly marine. Different PCR protocols with specific primers were reported from many countries for confirmation of VNN in fishes. In the present study, two pairs of primers were designed and evaluated for the diagnosis of clinical and subclinical cases of infections from field. These primers designated as BARL-F1/BARL-R1 amplified a 902 bp product in the variable region (T4) of the coat protein gene by first step PCR. Nested PCR primers BARL-F2/BARL-R2 amplified a fragment of 313 bp. The results were comparable with other commonly used primer sets such as F2/R3 and RG668f/RG919r primers. These new primers could detect betanodavirus in standard reference samples containing low, moderate and high viral load. Known positive and negative control samples of fish also revealed a predictive value of 100 % by RT-PCR diagnosis.
Introduction
Viral encephalopathy and retinopathy (VER) otherwise known as viral nervous necrosis (VNN) is a neuropathological condition affecting more than 50 fish species, mostly marine across the world [19, 27] . The disease is caused by Betanodavirus of the family Nodaviridae which are icosahedral, non enveloped viruses with a diameter of about 25 nm and a bipartite positive-sense RNA genome. Betanodaviruses have been classified into five major genotypes: red spotted grouper nervous necrosis virus (RGNNV), striped jack nervous necrosis virus (SJNNV), tiger puffer nervous necrosis virus (TPNNV), barfin flounder nervous necrosis virus (BFNNV) and turbot nodavirus (TNV) based on the variable region (T4) of the viral capsid protein (CP) gene [23] .
In India, the betanodavirus infection has been reported in wild and hatchery/farm grown marine fishes and considered as an emerging fish disease affecting finfish species of aquaculture potential [1, 3, 5, 15] . Generic classifications based on partial or full coat protein gene sequences of all these investigations revealed that the nucleotide sequences showed up to 98 % similarity to the RGNNV genotype. Specific clinical signs include neurological abnormalities like erratic or aberrant swimming behavior and lethargy. Distinct vacuolization of the nervous tissue (brain, retina) on histological examination was observed. Mortality may be rapid, generally during early larvae and juvenile fish and may reach up to 100 % of the fish stock within 2-3 days. Its bipartite genome consists of two positive RNA strands; RNA1 (3.1 kb) codes for viral RdRP (protein A) while the RNA2 (1.4 kb) codes for coat protein [18] . A sub genomic RNA3 synthesized from RNA1 during early viral replication codes for protein B2 [31] which acts against host RNA interference [9, 13] . The virus causes acute as well as latent infections [19] . Biological and environmental stress factors may induce latent form of the infection to acute infection with disease signs [20] and/or facilitate vertical/horizontal transmission of the virus [6, 16] . The first described PCR protocol using F2/R3 primers for betanodavirus [24] is now accepted as the gold standard for its confirmatory diagnosis [26] . Several workers opined that F2/R3 primers are not perfectly adapted to efficient amplification of every betanodavirus isolates [4, 8] , more so for RGNNV due to wide range of host species and diversity of isolates. Diagnostics with specific objectives such as health management of broodstock and confirmation of acute VNN were developed in many countries [10, 11, 32] but information on diagnosis of latent infection is scanty. In this paper, an attempt was made for a robust universal test for amplifying and genotyping betanodaviruses, by designing two pairs of primer sets in variable region of the viral capsid protein gene and evaluation of RT-PCR protocol for early diagnosis of betanodavirus in fish. The efficiency of these primers was compared with that of F2/R3 [24] and RG668f/RG919r [22] primers using a range of samples originated from diverse fish species besides a reference strain in cell culture.
Materials and methods

Primer design and evaluation
Two sets of primer pair (BARL-F1/BARL-R1 and BARL-F2/BARL-R2) were designed ( Table 1) by alignment of betanodavirus RNA2 gene sequences (n = 28) from all five distinct genotypes (NC003449, NC013459, AY324870, NC013461 and AJ608266) using the program Clustal W (MegAlign program version 5.03 of the DNASTAR package) and two consensus sequences targeting the coat protein gene (RNA2) were chosen for nested PCR. The performance of these new sets of primers were evaluated using fish that displayed clinical signs of VNN infection, reference strain of the betanodavirus (CSIRO, Australia) and fish samples without apparent clinical signs (persistent or negative for VNN infection) and compared with a set of published primers [22, 24] .
Fish samples
Subclinical samples
Fish samples (Lates calcarifer, Mugil cephalus, Chanos chanos, Liza parsia, Liza tade and Eleutheronema tetradactylus) were collected from finfish hatchery/farms and wild habitats located in Chennai (Tamil Nadu) and Kakdwip (West Bengal) along the east-coast of India ( Table 2 ). The target organs (brain and eyeball) were excised using a sterile scalpel and were collected in RNAlater Tissue Protect Tubes (QIAGEN) or TRIzol Ò Reagent (Invitrogen) for molecular diagnosis.
Clinical samples
A pool of Asian seabass (L. calcarifer) larval samples with known history of VNN outbreak in a hatchery, preserved at -80°C was used in this study as clinical samples (BARL-LC01). A portion of the target organs from clinical and sub clinical samples were collected aseptically for virus isolation studies by inoculation in susceptible cell line (seabass spleen cell line-SISS) for confirmation, and for routine histopathological studies in 10 % neutral buffered formalin.
Virus-free fish samples (negative control)
A healthy stock of Asian seabass larvae (28 dph) collected earlier from a hatchery and stored at -80°C was used as negative control (n = 4).
Virus strain and viral propagation (positive control)
The strain used in this study designated as BARL-LC02 belongs to RGNNV genotype was originally isolated from amphotericin B) filtered using 0.22 micron syringe filter [2] . SISS cell line from Asian seabass spleen (provided by Dr. Sahul Hameed, C. Abdul Hakeem College, Melvisharam, India) was used for viral propagation and were grown in L-15 medium containing 10 % foetal bovine serum [28] , 100 ll virus suspension inoculated in overnight cell monolayer and after an hour of viral adsorption, the inoculum was removed and fresh maintenance L-15 medium containing 5 % foetal bovine serum was added and incubated at 28°C up to a maximum of two weeks. When cytopathic effect (CPE) becomes extensive, fluids were harvested after freeze thawing for three times and clarified by centrifugation at 30009g for 15 min at 4°C and stored at -80°C until use. Virus titration was conducted on monolayers of cells in 96 well plates using 10 fold serial dilutions in triplicate. The 50 % of the tissue culture infective dose (TCID 50 /ml) was calculated as described by Reed and Muench [30] . The titre of the culture supernatant was 10 3 TCID 50 /ml at 4 days post infection (dpi) and 10 8 TCID 50 /ml at 7 dpi. The culture supernatants were subjected to RNA extraction and used as positive control for further analyses by reverse transcription nested polymerase chain reaction (RT-nPCR).
Reference standard (betanodavirus positive)
A non-infectious sample of ethanol precipitated (80 % v/v) tissue culture supernatants from active virus cultures with low, moderate and high dose of betanodavirus provided by CSIRO, Australia was used for standardizing the sensitivity of the new primer sets.
RT-nPCR and sequence analysis
Total RNA was extracted from target tissues (clinical and sub clinical), cell culture supernatants (field isolate of BARL-LC02) and the betanodavirus reference strain from CSIRO using TRIzol TM Reagent (Invitrogen, USA) following the manufacturer's protocol. The purity and quantity of the extracted RNA was carried out using a NanoSpectrophotometer (Implen, Germany) at 260 nm. Reverse transcription was carried out using iScript cDNA synthesis kit (BioRad) in 10 ll reaction as per the manufacturer's instructions. The synthesized cDNA was subjected to PCR amplification using the newly designed first and nested PCR primer sets. Following optimized thermal cycling conditions for first step PCR was used: 95°C initial denaturation for 5 min followed by 40 cycles of 1 min denaturation at 95°C, 1 min annealing at 60°C and 1 min extension at 72°C and final extension at 72°C for 5 min. The optimized thermal cycling profile for nested PCR was 95°C initial denaturation for 5 min followed by 40 cycles of 30 s denaturation at 95°C, 30 s annealing at 60°C and 30 s extension at 72°C and final extension at 72°C for 5 min. PCR was carried out in a final volume of 25 ll reaction mixture containing Tris-HCl (pH 8.5), 1.5 mM MgCl 2 , 0.2 % Tween 20, 0.4 mM dNTPs, 100 pM of forward and reverse primer, 1U Taq DNA Polymerase, 50-100 ng of template DNA and inert dye and stabilizer (Ampliqon, Denmark). The amplification was performed in gradient thermal cycler (Eppendorf, Germany). The amplified PCR products were resolved in 1.5 % TBE agarose gel stained with 0.5 lg/ml ethidium bromide. The identities of the first step PCR products (903 bp) were confirmed by nucleotide sequencing (First Base Laboratories, Malaysia) and NCBI BLAST analysis. Design and evaluation of reverse transcription nested PCR primers for the detection… 125
Results
Fish samples and clinical history and gross pathology
In the present study, a group of clinical, subclinical, healthy fish samples of different fish species were used for evaluation two pairs of newly designed primers for the diagnosis of betanodavirus ( Table 2 ). The disease status and the presence of fish nodavirus in these groups were ascertained by the known history of the disease, histopathological studies and confirmation by a RTnPCR targeting T4 region of coat protein gene (RNA2) as per the earlier published reports (22, 24) . The primers designed by Nishizawa et al. [24] are the most widely used OIE primers across the world, with capability to detect all genotypes of betanodavirus. Of the nine samples tested positive by published primers above, four samples were L. calcarifer collected from clinical disease outbreaks at different time intervals in a hatchery, and another five from different fish species without any apparent clinical signs of VNN infection. Histologically, severe vacuolation in the brain and retinal tissues of the eye was characteristically seen as the most important and reliable diagnostic feature of VNN in fish. Fish samples from clinical disease outbreak revealed mild necrosis and vacuolization in the brain (Fig. 1) . A strain of betanodavirus designated as BARL-LC02 (positive control) cultured in SISS cell line was used as positive control used in this study. BARL-LC02 grew well in this cell line at 28°C with progression of cytopathic effect by vacuolation of cells, cellular aggregation and rounding up of cells and clumps. The titre of the culture supernatant was 10 3 TCID 50 /ml at 4 days post infection (dpi) and 10 8 TCID 50 /ml at 7 dpi. Healthy seabass larvae (28 dph) tested earlier for VNN and stored at -80°C was used as negative control.
Reverse transcriptase nested PCR and sequence analysis
All the forty fish samples belonging to six fish species from wild and culture facility were tested by RT-nPCR for betanodavirus infection using published primer sets as well as the newly designed primers (Table 2) . Nine samples showed positive for betanodavirus by RT-nPCR using both sets of primers. The RT-PCR amplification using the new primer pair BARL-F1/BARL-R1 for first-step gave an amplified product of 902 bp, while BARL-F2/BARL-R2 primer pair yielded a 313 bp nested PCR product. No PCR artifacts or host fish genomes were amplified under the specified thermal cycling conditions.
The new primers were specific and amplified targeted product of betanodavirus coat protein gene in all four samples of L. calcarifer from clinical disease outbreaks and five samples of different fish species with no history of disease signs (Figs. 2, 3) at par with the F2/R3 primers (data not shown). The reference strain of betanodavirus (CSIRO, Australia) containing low (20 copies), moderate (100 copies) and heavy infection (200 copies) of virus also Fig. 2 Evaluation of the primers using VNN affected seabass larvae from clinical outbreak of disease (lanes 1-6 first step PCR using primer set BARL-F1/BARL-R1 and lanes 7-12 nested PCR using primer set BARL-F2/BARL-R2)-these samples were tested positive by OIE primer (F2/R3). M DNA ladder, 1 Asian seabass larvae-code 01, 2 Asian seabass larvae-code 02, 3 Asian seabass larvae-code 03, 4 reference strain (CSIRO), 5 negative control, 6 positive control, 7 Asian seabass larvae-code 01, 8 Asian seabass larvae-code 02, 9 Asian seabass larvae-code 03, 10 reference strain (CSIRO), 11 negative control, 12 positive control tested positive without any non-specific bands (Fig. 4) . However, F2/R3 primers (first step PCR) could not amplify target product in cell culture supernatants (positive control) containing low (10 3 TCID 50 /ml) viral titres in this study (Fig. 5a ), while they were amplified with the new primer sets used in this work for both first and second step PCR (Fig. 5b) . No non-specific amplification of host fish genome was observed by using virus-free seabass larvae (negative control).
The sequences of the PCR product obtained in this study were analysed using NCBI BLAST and found to have [90 % sequence homology to the nucleotide sequences of fish nodavirus isolated from other Asian countries. Further, the first step PCR product sequences confirmed the specificity of the amplified products as that of coat protein gene of betanodavirus with sequence homology to RGNNV genotype.
Discussion
Molecular methods have played a pivotal role in detecting and characterizing betanodavirus, and RT-PCR has emerged as a powerful, rapid and sensitive method for detection of VNN. Recently, two conventional PCR based methods have been used to amplify and genotype betanodaviruses by sequencing. First one targets a region of the polymerase gene carried by RNA1 as a source of genetic information that is useful for identification of an isolate. The second method, more versatile based on the amplification of the T4 region of RNA2 [24] has been widely used on a large number of isolates in numerous studies. High genetic variation within the T4 region occasionally leads to mismatches between primers and their targets and consequently the sensitivity [8, 25] . However, these primers were designed before the large genetic diversity of betanodavirus was appreciated and is still considered as gold standard for diagnostic purpose. Subsequently, several diagnostic protocols have been applied to detect various virus strains, mostly on confirmation of the virus once an outbreak occurs [7, 8, 10-13, 21, 29, 32, 33] . Among molecular methods, quantitative PCR seems to be efficient for this purpose, considering its sensitivity, speed and the possible control of contamination. Unfortunately, the significant genetic diversity of betanodaviruses is a serious difficulty in developing universal primers and hence not yet advantageous for accurate genotyping [4] . Epidemiological studies till date revealed only a single genotype (RGNNV) in India (3, 5, 15) with varying degree of sensitivity of F2/ R3 primers, especially in asymptomatic wild fish samples. A similar observation has been made by Bigarre et al. [4] indicating false positive PCR products in gilthead, Sparus aurata. The present study demonstrated the suitability of newly designed RT-nPCR primers for routine disease diagnosis using different types of biological samples from infected fish samples. The results were comparable to commonly used primers used for VNN diagnostics in India and may be used as a management tool for screening hatchery samples, grow-out monitoring, quarantine and biosecurity programme in finfish aquaculture sector. Availability of precise and sensitive diagnostics for betanodavirus is important, both as diagnostic tools and for morphological studies of the virus. It is inevitable in case of latent (persistent) betanodavirus infection where the disease condition is asymptomatic and an acute disease predisposes with right combination of biological and environmental conditions. Hence, confirmatory diagnosis of viral diseases has been always a problem in field leading to poor documentation of fish mortalities and scarce epidemiological data.
In recent years, VNN as a disease entity has been recognized as an emerging disease in finfish culture with increasing number of host species across ecosystem barriers, marine to freshwater [5, 14, 17] . With the increasing diversification of finfish aquaculture and consequent transfer of live organisms for culture, new strains and genotypes of betanodaviruses are likely to emerge in future. Considering the highly destructive nature of betanodavirus, it is increasingly crucial to prevent the introduction of virus in farms/hatcheries by screening for healthy stock and elucidating promptly the source of virus in case of outbreaks. Cell culture and immunological tests are efficient for diagnostics, with inherent limitation of speed and strain identification. Among molecular methods, quantitative PCR seems efficient for this purpose, considering its sensitivity and speed, but need sophisticated equipments. In this context, the newly designed RT-nPCR primers could serve as additional tool for routine disease diagnosis, epidemiology, quarantine and biosecurity programme in Indian finfish aquaculture.
